T
he malpractice review committees and arbitration boards of the medical associations in Germany perform extrajudicial evaluations of claims of injury arising from alleged medical malpractice. The proceedings are carried out in accordance with German legislation and relevant judicial decisions relating to private law and civil procedure. At the end of each proceeding, the arbitration board issues a decision relating to the claims that were made; this decision is not binding upon any of the parties involved (i.e., neither the patient, nor the physician, nor the physician's malpractice insurance carrier). The main aim of these proceedings, i.e., the avoidance of a lawsuit, is achieved in over 90% of cases. The North German Arbitration Board was established in November 1976. Since then, it has processed malpractice claims submitted by more than 77 000 patients. Its mode of operation has already been the subject of multiple articles (1) (2) (3) (4) (5) .
The finding that malpractice has or has not been committed is based on an expert review of the treatment process, in which not only the medical aspects per se, but also questions of communication and documentation must be considered. This article is not concerned with an evaluation of different methods of treatment, but rather with the types of conclusions that can be drawn by expert reviewers on the basis of current medical knowledge about the treatment of fractures in children. For more information on the current state of medical knowledge, the reader is encouraged to refer to well-known textbooks in pediatric traumatology (6) (7) (8) (9) . The goal of the present analysis is to define a basis for quality control and error avoidance.
Methods
In this article, we present a statistical summary of 189 arbitration proceedings that were related to the treatment of fractures in children and that were carried out in the 8-year period from 2000 to 2007. The mean number of cases was about 24 per year. Cases before 2000 were not thoroughly documented with all of the statistical information needed for this type of evaluation. The individual cases were documented in the Medical Error Reporting System (MERS) of the North German Arbitration
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SUMMARY
Background: The medical peer-review committees and arbitration boards of the Medical Associations of the individual German federal states assess claims for damages arising from alleged medical malpractice.
Methods: 189 panel proceedings concerning alleged malpractice in the treatment of fractures in children were evaluated on the basis of the available documentation and decisions. The proceedings were evaluated with respect to the involved medical specialties and treatment facilities, the types of fracture and particular allegations in each case, the actual malpractice found to have been committed (if any), and the harm resulting from malpractice. The cases were derived from the nine German states for which the North German arbitration board is responsible.
Results: An actual malpractice was found to have been committed in 64% of cases, or about twice as frequently as the average rate among all cases going before an arbitration board in Germany. Most of the medical errors involved inaccurate diagnostic evaluation, misinterpretation of radiological findings, inappropriate treatment for the particular type of fracture involved (conservative rather than operative, or vice versa), or inadequate follow-up of the fracture (or none at all). The highest rate of a positive finding of malpractice involved fractures in the elbow region (77%). A mild or moderate degree of permanent injury due to malpractice was found in 37 cases (31%) and severe permanent injury in 16 cases (13%). Board (11, 12) ; the authors individually evaluated each case, taking into consideration the facts of the case, the findings of the expert reviewers, and the decision of the arbitration board. All cases submitted for arbitration arose from experiences that medical laypersons (i.e., the patients and their families) considered to be negative, in the context of fracture treatment in children. The cases were highly diverse with respect to the complaints made, the facts in each case, and the methods by which they were evaluated. Because of this heterogeneity, calculations of statistical significance (e.g., with the chi-square test) would not appear to be reasonable for the findings that we will describe below, and were therefore not performed.
Conclusions
Results
The age distribution of the children involved in the cases submitted for arbitration, which is shown in Figure 1 , reflects the changing experiences of children in their environment as they grow (10) . The frequency of claims relating to fracture treatment corresponds statistically to the epidemiology of fractures in children (7): in other words, there does not seem to be any particular age group in which claims are brought significantly more often. Four cases of birth trauma are included in the age group 0-2 years. Table 1 shows the number of arbitration proceedings, the number of hospitals and/or doctors against whom claims were made, the claims and allegations that were made, and the findings regarding whether malpractice had, in fact, been committed. These are the basic data underlying the remainder of the analysis in this paper. In the discussion that follows, each of these figures will be looked at more closely, so that specific questions can be answered with relevant statistics.
In 53 cases, more than one therapeutic error was found to have been committed. The evaluative procedure of the North German Arbitration Board takes the entire process of treatment into account, regardless of the particular statements of the claimant (i.e., an investigative evaluation is performed). Thus, therapeutic errors were sometimes found that had not been alleged in the patient's original request for arbitration by the Board.
All of the medical specialties and treatment facilities involved in the cases submitted for arbitration are shown in Table 2 . Non-surgical specialties were involved in 15 cases (7%). The percentage of errors is always given with the number of defined patient allegations (Table 4) as the denominator. The 189 proceedings involved 213 hospitals and doctors, against whom a total of 282 allegations were made.
As one might expect, trauma surgery, including hand surgery in a few cases, was the most commonly involved specialty, accounting for 124 (58%) of the involved hospitals and doctors. It must be mentioned, however, that trauma surgery was always considered to have been the involved specialty for statistical purposes whenever trauma surgery was represented at the site of treatment (as demonstrated, e.g, by the letterhead over the doctor's note), even if the treatment itself was not provided by a specialist in trauma surgery (e.g., because the trauma surgeon was on back-up call at the time). Clarification of organizational questions of responsibility within medical treatment units is not a task of the arbitration board.
The distribution of arbitration proceedings with respect to various sites of fracture differs markedly from the natural distribution of fractures; the discrepancy is particularly notable for a few specific fracture sites (Table 3) . Among all claims submitted to arbitration, the percentage involving transcondylar fractures of the humerus, for example, was three times as high as the epidemiological frequency of fractures at this site among all pediatric fractures. A similar situation obtains for elbow fractures and dislocations (five times as high) and for femur fractures (six times as high). In contrast, clavicular fractures, which are very common, accounted for only a single case submitted to arbitration (in which, in fact, no malpractice was found). Clinical experience
FIGURE 1
Arbitration proceedings after the treatment of fractures in children (N = 189): age distribution and number of proceedings in which a therapeutic error was confirmed (n = 121, or 64%). The age distribution is practically identical for boys (n = 99) and girls (n = 90). M E D I C I N E yields no plausible explanation for the notably greater number of claims from girls than from boys with elbow fractures (M : F = 14 : 25), but the greater number of claims from boys with forearm fractures (M : F = 27 : 12) presumably reflects greater risk-taking in play and sports (7). Table 3 also includes four cases of birth trauma, which were as follows:
> An undetected skull fracture after a forceps delivery, diagnosed only later because of a "growing fracture" and then surgically treated. In this case, both the forceps delivery and the failure to detect the fracture were judged to have been therapeutic errors. Mild neurological impairment was judged to have resulted from these errors. > One case of humerus fracture and one case of a fracture of the femoral shaft, both caused by rotation maneuvers. No malpractice was found to have been committed, nor were the fractures found to have had any effect on limb development. > A combined femoral and tibial fracture due to a technically difficult, reoperative caesarean section.
No malpractice was found to have been committed. Limb development was normal. The allegations that were made, and the therapeutic errors that were confirmed by the Arbitration Board, are listed in Table 4 according to the error classification and coding scheme of the Medical Error Reporting System (MERS) (11, 12) . Most of the allegations and errors were easy to classify in this scheme. In 93 of the arbitration proceedings, two defined allegations were made, according to this classification system; in 53 cases, a medical error (malpractice) was confirmed.
The most frequent type of error by far was in the area of radiological diagnosis (80%). Errors of this type were classified as having arisen within the clinical specialty that was responsible for the treatment of the patient. The Arbitration Board could not assess the provisions within clinical departments regarding the assignment of individual responsibility for radiological fracture diagnosis. In some cases, a radiologist's faulty diagnosis was uncritically accepted by the treating physician. Nor could it be determined from the medical record to what extent the subspecialty area of pediatric radiology was involved in the radiological diagnosis of each individual case.
Errors in the conservative treatment and follow-up of fractures mainly consisted of failure to perform closed reposition (or to perform it satisfactorily), resulting in a deformity after healing of the fracture, and failure to perform follow-up x-ray studies (or to perform adequate ones), resulting in the failure to diagnose a re-dislocation requiring correction. Other problems that commonly gave rise to malpractice claims were pressure injuries from plaster casts, which ranged from small pressure ulcers to Volkmann's contractures (2 cases), as well as skin damage from the plaster or from the removal of the cast. The category of conservative fracture treatment had the highest percentage of rejected claims (48%). This fact is Allegations and frequency of confirmed errors in 189 proceedings, including 4 involving birth trauma; comparison of the number of proceedings with the frequency distribution of fracture sites during the period of bone growth. * 1 The percentages given here are reproduced from Marzi (6), sometimes after averaging or extrapolation. The numbers appearing in boldface type in this column and the fourth column (percentage of proceedings) indicate fracture sites for which there is a notable disproportion between the frequency of fractures and the frequency of complaints largely accounted for by the frequent occurrence, through no fault of the treating physician, of re-dislocation requiring a second surgical procedure. In such cases, the parents often incorrectly inferred from the re-dislocation that the primary treatment must have been faulty. Out of all cases in which the alleged error related to the operative treatment of a fracture, an actual error was confirmed in 57%. Most of the time, the error involved the faulty performance of an osteosynthesis procedure, resulting in the need for corrective measures or in an unsatisfactory result after healing. Out of 15 allegations of failure to recognize the indication for surgery or of use of the wrong operative technique, 10 were followed by a determination that an error had, in fact, been committed. Code 550 encompassed all problems arising in the patient's postoperative course, including omitted or faulty reoperative procedures. Fracture-related infections were not judged to have been due to a treatment error in any case.
The error codes 110 (inadequate medical competence) and 210 (failure to perform indicated diagnostic tests) were less commonly represented, but they nonetheless merit some brief comments in view of their fundamental importance:
Two fractures and one subluxation of the radial head were judged to have been overlooked because of inadequate medical competence. These cases occurred in hospital outpatient departments. The patients were clinically examined by a junior trainee or by a resident in a nonsurgical specialty and were not presented to a specialist. The fractures and the subluxation were missed. The Arbitration Board determined that faulty procedure had been followed regarding the assumption of responsibility for the care of the patient, possibly because of faulty organization. Four further cases concerned fractures that were missed because of non-performance, or inadequate performance, of a physical examination, as a result of which no x-rays were obtained. The involved specialties in these cases were general surgery (2 cases), trauma surgery, and general medicine.
The frequency of errors in the various categories is shown in Table 4 and broken down by treating specialties in Figure 2 . Figure 2 initially provides no more than a statistical overview, leading to the not very informative conclusion that all types of errors were made everywhere. Deeper analysis relating to particular sites and types of fracture requires the evaluation of further data, including the specifics of each case. Figure 2 shows a comparison of the frequency of common types of treatment error across surgical specialties. Statistical evaluation with a chi-square test reveals no significant differences among specialties.
When the results of the proceedings of the North German Arbitration Board were statistically evaluated in the framework of the MERS, the causal relationship between the (alleged and/or confirmed) therapeutic error and the damage to the patient's health was categorized as follows:
> damage resulting from malpractice, > damage as an undesired consequence of correct treatment, > damage as an inevitable consequence of the patient's disease (or accidental injury) after correct treatment. Seven different "damage classes" (DC 0 through 6) were defined as shown in Table 5 (no patient sustained a damage in DC 6, i.e., death). In 13 cases (11%), an error was confirmed but was not considered to have caused the subsequent damage. The damage was, at most, mild (DC 0-2) in 43% of cases, and of a more substantial degree (DC 3-5) in 57%. These figures reflect the highest damage class attained by each patient in his or her clinical course; one can, therefore, assume that permanent damage (DC 4 or 5) was often preceded by severe, transient damage (DC 2 or 3), even though this cannot be seen from Table 5 . Mild to moderately severe permanent damage (DC 4) was almost always well compensated in the affected children and did not restrict their activities in any way, except that it limited some children's participation in competitive sports. In contrast, severe, permanent damage often led to major disturbances of childhood development: functional disturbances, disfigurement due to the deformity of the affected limb, restricted play and sporting activities, limitation of occupational choices, and, sometimes, psychological sequelae and rejection by the child's peer group. Having to give up a musical instrument was mentioned in some cases as well. Among the 16 cases of severe, permanent damage due to malpractice, 13 were related to elbow fractures, 2 to ankle fractures, and 1 to a talus fracture.
Discussion
Statistical data on judicial proceedings related to medical malpractice in Germany are not available. Information on certain highly illustrative cases is sometimes made available to the public by decision of the highest courts in the individual German states, or of the Supreme Court. Nor are there many detailed publications available on extrajudicial malpractice proceedings. Madea and Dettmeyer have written an instructive book on medical malpractice in Germany (13) . The North German Arbitration Board publishes an illustrative case report every month, which usually appears in Niedersäschsisches Ärzteblatt (journal of the Lower Saxony Medical Association) and on its website www.schlichtungsstelle.de. Some of these cases have concerned the treatment of fractures in children (14) (15) (16) (17) . In contrast, a large amount of statistical data on judicial malpractice proceedings is available from the USA, partly in the form of serial publications dedicated to the subject. Many of these are produced by a collaboration of physicians, insurance companies, and legal institutions. (21), and Studdert et al. (22) . Nonetheless, we were unable to find data in the American literature on the treatment of fractures in children that might be usefully compared with the figures presented here. We met with a similar lack of data for international comparison once before, while performing an analogous study of therapeutic errors in acute appendicitis (23) .
Among all cases brought before the North German Arbitration Board that are concerned with alleged malpractice involving children, fracture treatment is the most commonly represented category, with about 24 cases per year, while appendicitis is in second place, Arbitration proceedings after fracture treatment in children: comparison of the frequency of confirmed errors committed in each of the surgical specialties (in several cases, two errors were confirmed in a single proceeding). with about 10 per year. A like tendency is borne out by the relevant American statistics, in which fractures and appendicitis also occupy first and second place, respectively (19) . Fracture treatment in children is also the category in which alleged treatment errors are most commonly confirmed to have occurred, with a confirmation rate of 62% (Table 4 ). The mean confirmation rate for all categories is approximately 30%.
A direct comparison of these data with the findings of clinical studies would be inappropriate, for two main reasons:
> The frequency of errors in the treatment of certain types of fracture is highly disproportionate to their natural incidence (Table 3) . > Clinical studies do not differentiate complications due to malpractice from those not due to malpractice. Fractures in children are classified by means of a clear and systematic conventional terminology (see textbooks on the subject); more complicated, scientific classifications of fractures are generally of little or no relevance to issues of potential malpractice. The fracture pattern is often described imprecisely in the medical records (and even, sometimes, in written expert opinions). This can have unfortunate consequences, particularly if the patient is sent to another institution to be treated, but the x-rays are not sent along with the patient. The following are some typical imprecise descriptions of fractures:
> distal humerus fracture, instead of supra-or diacondylar humerus fracture; > elbow fracture, without any more precise specification; > proximal radius fracture, instead of fracture of the radial head; > distal radius fracture, without any statement regarding epiphyseal involvement; > ankle fracture, without any more precise specification. When the treating physician uncritically accepts another physician's imprecise classification of the fracture and does not personally inspect the patient's x-rays, this in itself constitutes a therapeutic error.
The treatment of fractures in children is not explicitly mentioned in the official training curricula for the pertinent medical specialties in Germany. The following can be considered prerequisites for the appropriate treatment of fractures in children:
> experience in the clinical examination of injured children, particularly infants and toddlers; recognition of the fact that pain can be projected to sites other than the fracture site itself; > knowledge of the radiological anatomy of the juvenile skeleton; > knowledge of the main problematical areaselbow, femoral neck, ankle; > availability of a textbook on the treatment of fractures in children, as an aid to the proper diagnosis and treatment of rare fracture types; > access to a referral center for the further diagnostic evaluation and treatment of rare or problematic fracture types. Without going into further detail regarding specific types of fractures, the experience of the North German Arbitration Board reveals that the following errors typically occur in the treatment of fractures in children:
> imprecise clinical examination (infants and toddlers); failure to obtain x-rays; x-rays of the wrong area of the body; > misinterpretation of x-rays, resulting in a fracture or dislocation being overlooked or misdiagnosed; > erroneous assessment of the degree of stability of a fracture when treated conservatively; undiagnosed and untreated re-dislocation; > failure to inform the child's parents about the possibility of re-dislocation of an unstable fracture after correct initial reposition, leading the parents to suspect that the initial treatment was incorrect; failure to give adequate information about treatment; > failure to treat a re-dislocation in timely fashion, with surgery if necessary; > inappropriately waiting for the patient's further growth to compensate for shaft fractures that are markedly dislocated, either primarily or secondarily, in younger or older children (see textbooks); > faulty evaluation of fractures that have healed with a deformity; failure to perform timely corrective measures when the patient is still young enough for remodeling to occur; > joint mobilization under general anesthesia when the injury has already healed with a deformity, i.e., when the limitation of movement has an anatomical cause; > ordering physical therapy (passive movement exercises) when the limited range of motion is due to a deformity-this is a common error (6). The high remodeling potential of bone in children (which declines as they grow older) explains why nearly all fractures in childhood will heal without any negative consequences if properly treated. In the rare cases of problematic healing that are attributable to the fracture type itself, there is generally a deformity or functional disturbance due to the direct or indirect involvement of the growth apparatus, ischemic bony necrosis (in fractures of the radial head, femoral heck, and talus), or a comminuted fracture. Overall, the vast majority of fractures in children can be expected to heal with full restoration of normal anatomy and function, particularly when the fracture involves the bony shaft or epiphysis. Thus, problematic healing in the form of a persistent deformity and/or functional disturbance, when the fracture is not of a type for which problems of this kind are frequent, generally arouses concern that there may have been a therapeutic error. Nonetheless, the burden of proof that such an error has been committed is still upon the claimant, unless there are other considerations that affect the required standard of evidence.
"The treatment of fractures in growing children is not a task that can be reserved for highly specialized centers; it must be universally available at a high level of medical competence. The structure of care varies from one place to another, and thus multiple specialties are involved: general, pediatric, and trauma surgery as well as orthopedic surgery, pediatrics, and general medicine ... " (24) . Table 2 shows that this statement is correct. If injuries in children are to be treated by physicians from a wide range of specialties, then all treating physicians must possess the requisite knowledge of how to deal with these injuries. The initially consulted physician must make a critical and realistic assessment of his or her own clinical competence when confronted with the decision whether to treat the child's injury personally, or else to refer the child to a more experienced physician or clinical center.
